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The primary purpoee of this invostl@tien waa ta dotomcine ths mechanical 
pmpwtiee of a number of hlgh-etrmgth a’ltrpinm aJJagrp In oFaor to rpaluate 
tbir uaefulneaa fer s.t;nzotural appllcatlona a t  crgegonicr tmperatmws. 
Also, i t  wlas the p r u p e  of this pmgmm t o  corralate the ~wohrnieal pmportie 
v i t h  suah variables 8s cheaiatry, irnpUrity content, microstrucaUe, primary 
working, and bat  tmmtmsnt In order to better understad the mode of 
deforsratlan and h.acture characterlatics of aluminum alloys as a function of 
tapemtun. Another petrporje vas to maleo d e f i n i t e  recommandations fer tho 
future developwnt cpf aluminum alloys in ardor t o  Imprare their properties 
a t  orgogamic tAnnperatures. 

x7275 aludnuar all-  i n  mrioua tempers and d o p e  of o d d  work and in 
several form (sheet, plate and forging stock).  

The matorials tested in this pr~gram incltrdo 
2oU, 2219, 5052, 3083, S W ,  5154s 5456, 461, 7075, 7079s 7178 an8 

Many fwostigatians ham been made on the low temperature properties of 
aluainua a l lqv~  (Refs. 1, 2, 3, 4)j houever, in addition to the determination 
of tensilo and d a s t l c  properties 88 a function of temperature, notchad 
knsile properties and notched/unnstched tensile ratios uare deterplined. 
The netahd/unaotahed ratioe were doter3nined BS a function of temperature 
in order 
maistence to bri t t le  fmcture, or notch seneit lvity (Refs. 5 ,  6, 7 ) .  A 
notched epcimn with a artrosr, conaentraticm faotor (Q) of 6.3 was selected 
tor w e  in this investigation because previous wisl fatigue tests  of 
cmplex wlded joint8 and fatiw and burst t e s t s  of pressure vessels mad@ 
of 301 extra fuU bard stainl86s stool exhibited excellent corre2atim w i t h  
natched/unnotched tcsnsib r a t i l w r  obtained with this value of Kt over a range 
of tnmperatms from 780 to 4 3 0 F  (Ref. 8). Data were obtained on specimens 
dth  leas acute notches (e.g., 
diacrimlnatory bet- tough and brittle nasterjalsj in fact notched/unnotched 
=ties of near unity were obtained on some materials which 

evaluate tk te1q@1rnn~ whieh i~ ef+~.n ~ f e - 2  %e LY +SP= sf 

of 2.5-3.0) and wem found t0 be less 

knoun to be 
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brittle (ILf. 8 ) .  
factors of 15 tS 18 have been mployed by 8- inva8tigaUrs (bf. 4)  and 
these teste in gwneraS tend to n a b  all materials appcrer b r i t t l o .  T b ,  
notdaed/mnotchad tea0iJ.o ratioa wing a pt of 6.3 have proven to be both 
discr5lainatory betwoon tmgh and br i t t la  materials and to correlate w i t h  
a emice behavior . 

A t  the other ax-, howover, stress eoncentration 

The alumhnrtsn a l l q s  wed in thia investigation and their histery and chemical 
analyaes 6s- listad Sn Table 1. 
@tien a m  8houn in Fi- 1. All tensile spechms were inspected azrd 
h d i ~ i 6 - m -  IOMIUXWCI for a m  ueteml.mticm. 
inspected and measured by means of an optical cmpar8tor, and all specimens 
out  of talesance were rejeated. 

Ths tensile speoimns used h this investi- 

Netched speoimsne we- 

The stress canmntration factor (Kt.) a8 

u n i t e  of 5.7 to 7.1. 

T h e  testing apparatus consfstgd of a 50,000-lb. Baldwin mivsml testing 
~ ~ c h h e ,  aaulpped with a csnt inwu s t r e s s e h h  recorder and strain pacer. 
Staxlard extensometers were wed a t  room temperature and a specially designed 
crye-extanstmmter v a ~  wed at low temperatures. Specially constructed 
crgsatato were used f o r  t e s l i b g  a t  sub-zero tgtmperatumsj a small ’open 
crgostat fsr -1000 and -3200F, m.3 a gas-tight cryasbt insulated by a 
v a e w  chber, Liquid nitrogen jacket and foamed polyurethane, for t e n s i l e  
testing at 4230F. A fill description of the cryostat, oryo-extensometer, 
, a d  accessory e q u i p n t ,  as well as the safety fe6tures and r a p i d i t y  of 
test ing can be found in Ref. 9. The tens i le  machine, extensometers and 
accessory equipment were periodically checked and celibrated. 

Teneile b s t a  were performed a t  78W (roan tempercrture), -100oF by immersion 
in a bath si d r y  ice and alcehol, -3200F by immrsion l n  l i q u i d  nitrogen 
and 423498 by immersion in l i q u i d  hydrogen. 
specimens aama to temperature as determined by a co?per-constantan them- 
couple taped ta the b s t  section. 
fm 2 t o  f i z h L w 5  a z h r  immersion. 
tested a t  a strain mte of (?.001 in./in./minute to yield, follawsd by a rate 
of -‘.15 in./mfiute u n t i l  h a t u r e .  
a t  ,001 hn./in./ninute, as d e b w i n e d  by extensometers, unt i l  fracture.  
Yield atmnhftirs were determixled from the continuous stress-strain curve8 by 
the 0.25 offset method. 
as detelmingld by scribe, slarks OR a surf’aee dye a d  mad at 1OX w@ilficatim 
OVOP 2 Z - h ,  gage length for fur t e n s i l o  specimens and a 1-h. p g s  length 
for the m d  t e s t  bars. 
superficial tester on the 154! scs& a t  Fom tA3InpelXtUm9. 

Tests were conducted afm? the 

Times required to reach temperature were 
The snooth tensile sgecbens wp)m 

Notched twneile specimens were tested 

Elongations reported herein are total elongatims 

krdness measuraments mwe n d e  on a Rockwell 

FORM NO. A-702-1 



CONVAIR 11 ASTRONAUTICS 

. . 
The tenaile Bnd ylold strengths , elon@tions, notched tensile strengths, 
notched/mnotched tarmila ntioa m d  wldd joint properties sre presenLed 
in Tables I1 -ugh XTI (eee Idst of tables, page U ). 

Eaoh of the aluminum al loys uill be discussed separately, p a r t i c u h r l y  
ccmcerning its use for structural applications a t  cryogenic tampeaturns; 
however the behavior of prjire+aludnum at extrrm eubarro tanpmtures WiU 
be d4.scussw2 first. 

1 
bsl60, a feu generalllaatimm on the behavior ef alumhm 

The followhg may be said about the effects of low tePnpsz%tureS OR the 
mechanical properties of metals, suah as pure aluminum., which have face- 
centered, cubic l a t t i ce  structures. 
which ie gradual and cmtfnuous in the i n i t i a l  resistaulce to deformtion 
(yield stnngth) and in the elast ic  modulus as the temperature is lotrered. 
%em is l i t t l e  or no change in ducbillty as meaaured by elongation, from 
room t o  aryogenia temperatures. Ailso, there i s  no detrSllrenb1 ef fect  on 
toughness, ~3 determinod by impact testa ,  consequently, there is no ducfile 
t o  brit- transition (suoh as is riot& in many materials bavlng body- 
centered cubic or hexoganal-alose-pcked structures). 
a large increase (50 to 100%) in the tensile strength Kith reduction in 
teaapsrattxre frm +78OF to -423OP which is ind imt lw  that the hm3ness . m d  
possibly tho rate of mrk hardening is strongly affected by temperature. 

As m y  be ieen frm the d a t a  presented in Tables 11 through XXII, the 
aluafmtPP alleys tested in this i~veatigati~n do not behave, in the s w  
manner as pure aluminum at cryogenic temperetwos. 
frm 25 to 50$ by reducing the temperature from +78eF to -423OF. 
the a l l q  (7000 series)  experienced a sharp decrease in duct i l i ty  (as 
w u r e d  by elongatian and reduction in area) a t  the 1-r temperatures. 
Notched tanrr134p data and notahed/mnotch& tensile ra t ios  i n d i c a t e  th-t 
many of fhe alurdnum al loys (particularly some of the 5000 and 7000 aeries 
all-) becams ePtbrittled a t  cryoopnic teapemtures. Tensile s t m g t h s  
increased f m  25 to SO$ h s t e a d  of 50 Lo UO% as w o u l d  be expected for 

(Refs. 10, ll) There is a smU. inzxws-.e 

'fiere is, hotrevor, 

Yield strengths increese 
b y  of 

pure prl~lrm. 

Thmefore it i a  seen that low temperatures affect the mechanioal properties 
(yield and tensile strengths, ducti l i ty  end toughness) of aluminum alloys 
q u i t 0  differently as coapared ta undistorbd crgstfLls with face=wnt@r6d 
cubic lattice, structures. Explanaticma fo r  the myogenic behavior of these 
a l h p  is basad upon the presence of a strained Sattice structure, pmci- 
p i t a b s  in the grah boundaries and s l i p  planes, and intermetallic ccimpmd:: . 
How large an effect these factors have on the behavior of almlnum alloys 
depend& upon ths type and amount of allcry-fng elemsnts and impn-itles pre;en% 
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and whether they are h solid solution Vith the parent ahainum or in the 
form of a seaond phase. 

The large increasea in yiold strength are fe l t  to be due to the eroild 
solution slumenta and precipitates within the c rys t a l  e t r u c t m  vhioh 
create a stmined or distorted lattice.  EIany of these s b h s  vlthin $he 

I 
I 

! 

j 

la t t ice  are *lockedn in p b c s  a t  the lower testing Iamperatures thereby 
causing a large increase in the initial resistance t o  deformtioat (yield 
strength).  
is explained QU the basis of "pr8macUrr" fraotUres esitlsrd by streaa con- 
osntrations (inclusions or M e  pmcipitatea) within the -in and, or 
heavy pmcipitatltm at the  grain boundaries which arsst.s a brittle condition. 
FhotorJicrogniphs of fractured tensi le  specimens show these conditions 
(bf. U). 
was not strongly affeated by clecmaee in t.aq?rretw. "hie I s  shown by the 
f ac t  that there was a smaller increase in tensile strength than is expriencxl 
in pura aluminum, that tbs bardnesa (35-3 scala) of tho fractured specimuns 
near the fractures was nearly the same as for the untested material, m d  
t h a t  s u p  line& appcoamd 
toughness, as measured by the t rend  of the notched trnsile strsngth and 
notehed/unnotched tensile raC%os, at the lower testing ternpenturea is  f e l t  
to be due to &he presence of a strained lattice and streee concentmtors 
(preoipitates and h e h i - )  

The sharp decline in ductil ity of aome af the 7000 series a l lays  

The mte of tmrk hardening for the aluminm allaga apparently 

only a few grains (Ref. 12). The deerease in 

As m y  be seon front the data in Tables I1 threugh XXII, the 2000 and 6000 
serlee alloys behave more l ike  pure aluminum at cryogenic tempemturns -than 
do the 7000 aeries and the high Mg containing 4000 series a l l o y s  (5154 and 
5456). 
m c h  higher in the 7000 series and high )4g 5000 serles a l loys .  

Tixis is explained on the basis that the total a l loy ing  content is 

?Iherel appaars to be a definite effect on the low tempembum toughness e.$ a 
meult of variouls heat treatnrsnb. For ~xa.mple, the 6061-2'6 a l loy  r e t a i n s  
greater twghneas than the 6061-Tf+ a t  423OF; also the 2024-7'4 remains 
t q b r  than 202&T3. Thase data ere explained on the basis +.hat mom of 
the alloying elemnts are preoipitated out in the form of Biscreta p r t i c l o a  
of inbrnetsrllia ooerpounda in the 606LT6 and 202bT4 than in the 6061-'?4 
and 2024.-T3 which gives a le0s distorted lattPce 8nd therefore greater 
toughneers for the 6061-% and 20&T4 raatorFel.8. 

As witnessed by the data  on 5086434 (half hardl) and 50860H38 (full hard) 
them is l i t t l e  effect aa a msult of the amount of working (cold rolling1 
in these alloys since both of these alloys retain about the s m e  degree of  
toughness at cryogenic temperatures . 
The notched/unnotched tensile ratias for the p l e t a  and b i l l e t  mtericls 
were appreciably higher than for the corresponding sheet materials zt mom 
temperature. These d a t a  m y  be explained by the distort ion energy theory 

f3S:v? HG. A-702-1 
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(Ref . ll), which also explains why notched/unnotched tensi le  ratios greater 
than unity may be obtained, 
to ta l  stress-strain curve (olastio and plastic regions) is niised under 
conditions of biaxial loading and even m m e  80 for triaxial load+ing than 
for simple toneion. 
notched sheet specbans and triaxfecl loading in notched bar specimens, it is 
possible to obtain notched/unnotched valws of 1.1 and 1.3, raspectivsl.y. 
For t h i s  1ya8on a comparison of data obtained from flat speaimens (sheet 
material) and round specimens (plate matexlial) Ls not atbmpted. 

The distortion energy theory states  that the 

xhetrefore, due to Ure, biaxial loading present in 

E..oed on the notched tensile strength3 and notched/unnotehd tens i l e  ratiosp 
it is f e l t  that the follewing 2000 series aluminum alloy5 may be used far 
strucfttral application8 a t  -423*F; 20l&T6, 20LT4, 2219-T81 and 2219-T# 

Le a lkterial Sshction Guide which indicates a t  which totnperatures the 
~lluminun a l loys  b s t e d  i n  this investigation may be used for structursk 

sheet and 202&T4 P b W .  2 W T 3  S h . 8 t  m y  be US& to -%?O0F. Tab18 )IxIII 

applicatimB* 

Of the 2000 swim alloys, 20l4-T6 has the highest s t rength  (60 + k s i  Ft 
and 70 + ksi Ftu a t  78OP) w9th an appreoiabb increase in t m s i l a  propedier, 
at cryogenic temperatures (80 + k s i  Fty and 100 + k s i  Ftu at -423eF). 
Elonption of the ba86 metal ramins uniform a t  all testing tempcsPturss. 
Welded joints [menar4lly welded b 
meta l ,  tes ted  with bead Fn place7 are 70 + % ef f ic ient  a t  all testing 
temperatms. 
l,Z$ at 4230F); hammer there was no indieation of embrittlement in the 
weld or heat affeoted zone as determined by netched tensile tes ts .  
information (sag. cmt ,  tivailability, formability, etc.) on 2OUrT6 is 
wai lable  in MIM-192-2. 

the tungstran arc method w i t h  2319 f i l l e r  

Elongatfms of welded joint specimens were low (2% a t  78OF sc?. 

Furt ior  

2219-T81 and -T87 are the next higher strength 2000 series alloys. 
m s  recently developed 33 a hi& ternperaturn alloy; h o m e r  it shows g m t  
promise for cryogenic applicstions. 
are sTmu3Rr for 2219 8s they wore for the 20&~6 alloy. 
sheet and plata remains tough to &3*F; however th i s  d l o y  is of lower 
strength. 
not recommdari f i i ~  s t r i c A ~ d  al;plizatf-.a ~*Ltb  m t ~ t  I.Tt_+&qtz& hish stresses 
or i a p c t  lOaajng at 430F. 

2219 

Weld joint efficiencies end elon@tions 
2024-T4 in both 

The toughness of 2CQlrT3 is quasstionsblr a t  -4230F. 2026T3 is 

A t  the present t h e  there i s  a paucity of fatigue d a t a  on aluminum alloys 
at cryogenic tmnperatuf.Qs, p a r t i c u h q  on wlded jo in ts  and at high stress 
levels. 
which appear to be the most promising for cryogeniu applications. 

It is f e l t  that fatigue da ta  should be obtained on those alloys 

I 
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, 
tough enough for structural appliaations at 7 6 2 3 O ? .  
515-8 may be used to -32WF. 
suffera a w e  degree of embrittlratent even a t  -1OOQP; thenfore t h i s  a l l q  

Of the tam 5000 series al loys acce table for use a t  &3W the 5083-H38 h s  
the h i e a s t  atmngth (see Table Ilt P ; however t h i s  xpatmial was experiment@- 
rolled to the H38 temper. ' 

thoroughly evaluated before being used a t  -423OF. Data obtained on imlded 
jointa ( h e l m  butt weld, roll planished, no flller metal) are prssentec! 5-4 
Tables VIII, X,  XII and XI11 for 50520H38, 508644 ,  5154-H38 and 5456443.  
Welded joint efficiaaoiee ranged f r o m  about 65 to 85% depending upon the 
materialm@iesting tamperatme. &sa metal and weld elonwtlons g e n c m ~ y  
Incrmaaed w i t h  mduction in temperature. A s  was mentimed previously, the 
poor toughness of some of the 5000 series alloys (e.g. 4456) is fe l t  to be 
d u s  to the highly stralned lattice resulting from the large amount of a l l ~ ) ~ - i n g  
content in solid solution or  precipitated in the o r y s t a l  structurs. 
present time mom informstion is avaihble en the 5052 al loy (sm ratG-192-2); 
therefom it i s  recommended for use a t  4 3 * F  in preference to  5m3 u n t i l  
furthw data m y  be obtained. 

5io86-X34 and a 3 8  snc! 
rlotched tensile data indicate that 5456A343 

i 
is not recomanded for cryogenic applhatians. I 

I 
I 

I 

It is felt thst this mafarial should be more 1 

I 
At the 

60bi-Tb sheet and plate  remain suf'fieisntly tough for structural applications 
t o  4230F. 
emtures and is not recomnmdd for use a t  -423oP. 
signifiwntly leer than other aluminum alloys (e.g. 2014) which remain 
tough t o  -4230F. Weld data wro not obtained. 

6061-!L$ appears to become mbrittled a t  the lower testing term+ 
The strength of 6061 1s 

~ 

2000 SERE? A- !JM A- I 

i 
?he notched tansih st rengths  which indfoate notch sensit ivity snd the notch&/ 
unnotched tanai ln ratios which mag be used as indices for resiatdllce to 
b r i t t l e  fracture show that all the 7000 series al&m alloys suffer a 
degree of eslbrittlement a t  vary low temperatures, 
XVII through XXII, notched/unnotched tensile mtiss are uonsiderably b s s  
than unity for 7178 at -1000F, for 7075, 7275 and 7178 a t  -32WF and for all 
of the 7000 eeries aluahum a l l o y s  at -4230F. 

The poor toughness, as measured by the notchedjunnozcheci wnsiie mtio, or̂  
these alloys a t  cryogenic temperature is felt to be primarily due t o  the 
chemistry (high alloying content) EUrd t o  the Fmpurities present. 
new of the 6O00, 5000 and 2000 series alminum dloys ,  rspresent4hg low 
alloying, mvsgnssium alloying, and copper allr>ying, respectively, i s  not as 
severely impaired a t  low temperatures (Refs. 1, 3, 4,  8)  as for -the 7x0 
series alloys.  Therefore, it app)ars that the high alloying (?h, Mg, Cu)  
aontents, and in particular, tho zino additions are p r imar i ly  responsible 
for the low tePnpenaturs embrittlexaent. 
be seen by comparing the cheBzfstry of 7079 sheet materisl which has nearly 

As m y  be seen i n  mbles 

The t o w -  

Further evidence of t h i s  effect mzy 



the same total alloying cantant but much srPsUer amounts of a i m  and copper, 
w i t h  the rest of the 7000 series all0ys.  
ness a t  mwh lower tclraperatrtres than the 7075, 7275 or 7178 al loys.  ' b t  
impurity content is a factor controlling low temperature embrittlement is. 
apparent from the fact that 7275.7'6 retaine greator t&ghnesa t o  -32OoF 
than 7CV5-T6. As may be seen i n  Table 1, 7275 I s  merely a high purity 7075 
alloy and a8 swh has far femr inclusions present in the microstructure. 
Also, the abnorarally low t2amvsrso properties of 70759% plate may be 
explained due to the large number of inclueions present in the grain bound- 
aries. 

This a l loy  retains greater tough- 

T k  Senand impQ&3Et, fgo?.tQT. !?ff?C?L?g l0l.l ~ G ~ % ? t ! l l ' 9  &?rf? t lCWZt  ?? t_k.Z 
7000 series aluminum alloys i e  that of priPlery working. The degree of 
primary work- ef the natal is importsnt as may be seen by conparing tb 
properties of the 7079-"I shmt and 7079-"6 b i l l e t  material. Chemistries 
were nearly i d e n t i a a l ;  h o m e r ,  the b i l l e t  material experienced much more 
swem embrittlenrsnt a t  lawlrr temperatures than the sheet malarial. T h i s  
may be explained by the cored struotura present i n  the 7079-% b i l l e t ,  which  
was not brokon up by primary working. 

&sed upan t h e  data obtained in t h i s  investigation, it 1s mcmmndod thzt 
extfsme caution be exercised in employing any of the 7000 series allqvs for 
low temperature structural applications in whioh high stneses and impact 
loading are present. 
be ub.d for such ap2licatians below -320*F, that only 7079-"6 sheet material 
be mployed at less than - W F ,  and that 71780% sheet material not be use$ 
much below roan temperature. 
infomation3 homer  it is f e l t  that future developmnt m y  eonsiderably 
imprave tho low temperature properties of these alloys. In view of the above 
nmntlmed factors which effect low t e m p e r a t u r e  embrittlement, it is suggm& 
that further dewloplcent of the 7000 series alloys for the purpose of 
improving their oryogenfc properties be cgncerned with chamistry, impurity 
content, and degree of primary workhg. 
pmoQntJy being i n i t i a t e d  in the bkterials Pbsearch Group. 

In fact i  it is  recamDllndgd that none of the30 al33ys 

These recamandations are based upon present  

Research along these l ines  i 3  

Based upon the data obtained in t h i s  investigation, the following d u m i n u m  
all- may be used f o r  s t t u r a l  ap?licstims a t  4 3 * F i  201&'1%~ 2@&?4i 

606LT6 plate, wk se a l loys  as well as the following alloys may be used for 
2219-T81, 221 

606LT1, and 7079-T6 sheet. Two of the aluminum alloyv tested are not rete 
mended for use at e ~ n y  sub-zero temperature (545&H343 and 7178-T6). 
XI11 is a lcstarial Selection Guide which is added for convenience i n  stalecti:.,.; 
Lhose a l l o p  which may be used at extreme sub-zero tempenturs,. 
recommend*itiona are based upon present. data which was ger,ordly obtziined on 
only one l o t  (heet) aluminum for each a l loy ;  therefore further t e s t i n g  

5052-H38, 50634538 and 6061-76 sheet and 2024.T4 and 

Structural appllcatims d m  to -3206F: 2026T3, 5OS6-4334, 5086438,  5154-1175, 

,Table 

These 

6' P I 4  A ,  A 702.1 
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( tensi le ,  notched tensi le  and fatiguo) should be conducted before using 
the abow msntloned alloy8 in a mjor structure a t  cryogenic temperatures. 

In addition to  further evaluation of the mro promising allays, it is f e l t  
that raon research rhould be condwtcbd to further detenaine tbe effecta 
of chemistry, fmpmiticss , micros tructum, primary working and heat trea+&ent 
on the propertiat3 of ~ ~ l u m l n u ~ p  a l l o y s  at cryogenic temperatures. n e  purpose 
of this resmrah is to demlep aluminunr alloya of higher strength cornmenau- 
rate w i t h  adequate toughness for  use at cryogenia temperatures, 

1. 

2. 

3. 

4 .  

5 .  

6 .  

?= 

8 .  

Based upon notched tensile strengths and notched/unnotched %ensile ra-bio?$ I 
the following aluminum alloys nay be used for structural applications 

606LT6 sheet and 2026T4 and 6061-T6 plate,  

1 
I 

a t  - 4 2 3 0 F t  2 O b T 6 ,  2C2&T4, 2219-T8l, 2219-T87, 5052-H%, 5083==€338 and 1 

In addition to the above wnticmed alloys, 202&T3, 508644, 5086-H38, 
5156B38, 606LT4 and 7079-T6 sheet may ba used t o  -32W'. 

7075.T6 sheet and p l a t e  and X7275-T6 sheet may be used to - 1 W F ;  5456- 
H343 an8 7178vT6 sheet should not 5e used at m y  sub-zero temperature 
(-1oooF 6r belew). 

fn general, the meohanical properties of aluminum alloys are affect& 
quite differmtly %s ccmpared to the mechanical properties of pure 
aluminunr at cryogenic temg.raturss. 

The large increases In yiald strengths of aluminum alloys with reduction 
in tsmperaturs, isl felt to be due to the stmined la t t i ze  created by 
alloping elements, iqwritiss and precipitates within the crystal .  

The sharp reduction ia -3uctilit; coted for sonte of tb 7000 serieo e l l o y ~  
at -32O@l' and at 4 3 0 F  is f e l t  i o  1.~: t?ue to "prem.tures fmctures 
caused by stress concentrators ( h c ~ m : m 5  and Lrze  precipitates) ind 
brittle grain boundaries (caused by wavy p rec ip ik t ion  in the gmfn 
bwndsrles ) . 
Alnminlmr -- a1 lcys mpria_n_nA.i l e ~ a  Mark hardening at cryogenic temsperatures 
thaa pure ahfnua,  as determined by mlatively slnclll increases in FI,,, 
l i t t l e  er no irrareasa, in hardness and the appeerance of only a few s l i p  
1 h e s  in the miorestructures of f rac tumd specimens, 

The decrease in toughness in some of the a l d m u r n  alloya at reduced 
temperatures is  felt to be due to one or more of the followingo stmind 
l a t t i ce ,  atrws concentrators (inalusions,  e t c . )  and brittle grzin 
boundaries 



9. Notched/unnotched tensile ratios on round (bar) speaimans are not  thE3 
same as for flat (sheet) specimens. 
distortion enorgy theory. 

%e explanation is based on the 

10. There appearabto be a definite  effect of vatioue heat treatments on the 
toughness of mveral alloya a t  cryogenic temperatures. 
orl the basis of the, degree of strain within the l a t t i ce  as a msult of 
the amount of alloying elements in solid solution. 

There 3881~5 to be l i t t l e  or no effect (within the limits tested) of the 
amount of prvrrary -rune (coia roiiingj upon .cbe tougnnesv or” LW jwu 
series alloys at myogenic temperatures. Howewer, as seen by t h ~  d a b  
on ?UFl-l% billet material, sufficient working to break up the cored 
(as cast)  structure is required t o  hprevo the toughness at c r y o m i c  
telnpraturss. 

This is eXihjno-3 

11. 

I 

I 
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+78 

-100 

-100 

-3 20 

-3 20 

-623 

TABU3 I1 

k c h a n i c o l  Properties of 20U-T6 Alu~nbum Alloy 

0.063" Sheet, Alcoa, 4a29 

DIRECTIOM Ft. Ftu e NCTCHED NOTCHED/ WELD TETE1I.E" VELD JOI?Z 
T.S. U" OTCIIED STRENGTH ELONG EFF 

( 4 = 6 . 3 )  TENSILE (hi) $ k 
k& k& 5 ksi RATIO - L__ 

Long. 66.3 73.7 U. 74.8 51.2 2.0 
Long. 65.1 72.5 ll '74.1 54.8 2 .o - xi n- 
Long . ZL4 - -  

2.0 I ,J Avg 65.7 73.1 U. 74.5 1.02 53.1 

Trnns. 62.5 71.4 ll 70.9 
T r n n s .  63.0 71.9 11 71.6 
'i'rans. 6 0 71.3 J& 67.'j d% 71.5 11 70.0 0.38 

LOW. 69.2 76.5 12 79.6 55  08 
Long. 69.3  76.3 22 78.7 48.8 
Low. - - -  - iz-tz 

~ v g  69.3 ?6*4 12 79*2 1004 56.7 

Trans. 64.5 7A.6 12 71.5 

*?ne. a 71.2 
T~SIS. 64.8 74.1 11 70.3 

Pvg 64.3 74.1 11 71.0 0.96 

Long. 74.4 87.4 U. 85.3 
Long - 86.8 l!+ 85.6 

T r m s .  71.8 85.1 U 79 .8  
Trnns. 66.6 79.7 75.9 

0.78 

1.00 

60.9 
63.2 
61,6 
61.9 

-423 Trans. 80.2 101 15 85.4 
Trans. 83.5 104 15 86.3 
m 
Arms. a 81.8 

fivg 82.3 102 15 84.5 9.83 

1.5 
2.5 
htz 
2.0 7L 

1.0 
1.0 
1. c: 
1.0 71 
- 

1.0 
1.0 

1.2 72 
1.3 

*f i l le r  Metal (2319)' weld, t e s t e d  with bead in plrce.  
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. - TEST 
IJUL 

- -  +78OF 

+78OF 

,i&QF 

-100'F 

0 -3200F 

-3 20°F 

-423OF 

. -423OF 

TABU 111 

&chadcnl  Properties of 20Z-T3 rluminum Alloy 

0.025 E'heet, AlcoR, FQ-A-355 

DL"rECTIOE 

Long . 
Long . 
Low.  

T r m s  . 
TrCmS. 

Avo. 

Ave . 
Long. 
Long . 
Long. 

Trans . 
Trms . 

Ave . 

A v ~  

Long . 
Long 0 

Long . 
4ve . 

T r m s  . 
Trms . 

fVB. 

Long . 
Lane 

Ave . 
Trans . 
T r a n s  . 

Ave . 

47.8 
47.5 
4 u  
47.4 

43 08 
4 x 2  
43.9 

49 0 . 4  
49.2 
4 . a  
48 .9 

44 .o 
4225! 
44.5 

61.0 
61.4 

60.9 
bo.2 

56.5 
55.7 
56.1 

- 
70.9 
75 m2 - 
73.1 

68.9 a 
69 00 

67.6 18 
68.1 18 

66.2 18 

H 3  
70.3 21 
70.5 23. 

70.2 21 

67.9 21 

67.8 21 
86.1 22 
87.8 22 
iZL.222 
87.0 22 

83.2 22 

83.4 22 

109 19 
u o  u 
112 19 

110 17 

106 19 

107 18 

$e429 

67.7 21 

- 2 2  

- -  

1 0 7 4 1  

59 .9 
59.8 

60 .O 
61.2 

61.2 

62.7 
&&g 
62.8 

76.6 
76.6 
25t4 
76.2 

75 04 
73.9 
74.7 

8803 
U.8 
95.2 

88.8 
86.7 

$5 04 
88,2 
86.8 

0.89 

0.96 

0.87 

0.93 

0.88 

C -90 

0.81 

0.81 



. 

TEST 
2xkL 

+789 

+78*F 

-1OOOF 

-100OF 

0 -320'F 

-320"F 

-423'F 

bchan ica l  Prouerties of 202A-TA Aluminurn A l l Q y  

0.032" Sheet, Alcoa, QP-A-355 

PrnCTI ok.! 

Long . Long . 
Long . 

A v ~  

Trans . 
Trans . 

MWt. '-.. u. 
Long . 
Long . 
Long. 

Tmns . 
Tr?ns . 

Ave . 

Ave . 
Long . 
Long . 
Long . 

Ave. 

Tr<uls . 
Trans . 

Ave . 
Long . 
Long . 
Long* 
Long 

Ave . 
Trans. 
??.as i 

Ave 

67.5 
66.9 - 68.6 
67.7 

64.8 

H 
70.1 
69 *6 w 
69.8 

67.2 

% 
86 00 
83 -9 

84 09 

81.3 
82.2 
81.8 

103 
108 
110 

107 

94.3 

97.1 

- 

99.8 

el. 

19 
19 

19 

20 
20 
?O 

24 
20 
21 
22 

25 
22 

32 
24 
zt 
27 

16 
a 
19 

12 
19 
17 

16 

10 

10 

- 18 

- 

- 

- 

h9 

NOTCHED T .3 . 
(Qz6.3) ks$ 

57.5 zzz 
57.5 

60.1 
60.4 

&$ 
58.9 

71.3 
71.2 
Z U  
71.9 

65.7 

E 
85.3 
86.9 
91.2 
adi 
88.3 

85.6 
85.1 
85 -4 

0.57 

0.86 

0.87 

0.87 

0.85 

'3.83 

0.83 

6.23 



17 

k D lRECT ION 

s.7 

Iang . 
Avs . 

Trans . 
Trans . 
Tnnns. 

h g t  
bg: 0 

-g. 

Ave , 

Ave . 
Trans . 
TFaas. 

llve . 
Long: 
Long 
b e  

Ram . 
Trans . 

Avo . 
Ave . 

Lone. 
b n g  . 

Ave . 
- 0  

Tmns . 
A m .  

45 .a3 
45 07 

45.5 

55 03 
56.0 
Ize 
55.6 

- 

.. 
45.2 

65.9 
67.4 

m 
50.7 

50.7 

79 .9 
80.1 

80.0 

- - 

71.5 

% 
66 03 
67.5 

66,9 

69.6 
69.1 
IL9 
70.2 

81.5 
81.7 

82.3 

80.7 

82z 

3% 
9fr .5 
95.8 
2u 
9!j 04 

% 

L 
19 
22 a 
21 

16 
16 

z 
19 
16 
a 
19 

$ 
13 
6 

12 

17 

14 

8 
13 aQ 
10 

JrL 

A 
8 

R. A, 
I 
12 
22 

17 

15 
15 

15 

4 
2 
3 
4 

5 

9 

11 
12 

ll 

12 

12 

5 
10 
& 

9 

2 
9 

u 

- 

a 

... - 

NOTCHED T.S 
&=6.3) I& 

82.4 
79.6 
!&a 
82.3 

77.2 

G 
84.1 
8402 mi 
83.7 

80.4 zu 
77 *4 

95 .4 
96.6 

;boo 
gt .3 

90.3 u 
89.9 

112 
U1 
Mp 
111 

95 
91 
95 

1.18 

1.14 

1.19 

1.17 I 

1.18 

1.12 

1,16 

1001 



TEjT 
TEMP. 

,7801 

-3209 

T A B U  VI 

52.0 67.5lo 
51.0 67.2 l0 u m u  
51.0 67.2 10 

56.5 73.0 9 
% e 9  73.5 9 

m 7 3 . 3 9  
54.7 72.2 11 

2ie29 
54.7 72.3 10 

64.1 
64.7 

Giz 

68 .A 
68.8 

m 

72 .2 
77.5 

77 04 

76.7 

- 

% 
92.3 
94.5 

93 04 

% .6 iu 
91.3 

- 

0 095 

0.98 

0.94 

50.2 
4905 

2 
3 

6 
I 

71 

68 
k 
5 

0 093 

63.7 2 
63.6 2 

0.91 75 
4 
3 

0.90 

73 .2 2 
71.5 2 

0.92 

0.90 

72.1, 
72.4 

2 
5 71 

fi lknually welded w i t h  2339 aluminum filler metal, no po3t hest treatment, tested w i t h  
bead in place (all f'ractws occurred in heat effected zona). 



cal PrODertiQg of 2219-T87 - A- 
0 0.06F Sheot, Alooa 

+78?F h g .  

Long . 
A- . 

-lOO°F Long. 
h e  
b g .  

Ave . 
-1OooP Trans. 

Trans . 
kve . 

S . 3  70.8 9 
58.0 70.6 9 

58.2 70.7 9 
- - -  
58.5 n.1- 9 

u s  %$ 71.1 9 

62.4 76.6 9 
62.3 76.1 9 

62,4m9 
61.9 76.4 9 

69.4 80.6 11 
70.0 88.2 11 

69.788.611 
70.8 89.3 U 

76.6 104 U 
76.2 l.04 I4 

76.4ET-14 
76-2 105 14 

68.9 
70.5 

69.7 
?5.6 
6&$ 
69.7 

75 .0 
74.2 

74,6 
74.8 
72.5 
73.7 

85.9 
85 .O 

85.5 

83.6 

- 

8% 
95 e 1  
96.0 

333 

%LA 
95-1 

95.2 

0.99 

0.98 

0.98 

0.96 

0.97 

0.94 

0.92 

0.91 

50.6 2 
50.0 2 u 
51.1 

3, 
2 

50.6 5 
u.5 3 

2 
4 

4 u  
h9.5 

61.0 2 

2 
2 
2 

76.4 1.5 
70.7 0.5 
z18 
73.0 

!xi 
1 

72 

65 

53 

70 

* Manually welded with 2319 aluminum f i l l e r  m e t a l ,  no post heat treatment, tested with 
b a d  in p b c e  (all fractures ocoumed in heat effected zone). 



0 
TEST DIRECTION Fts Ftu e NBTTCHED 
TEMP T.S. 

op 
+78 

4-78 

-100 

.040n Sheet, Alcoa, Heat No. 635-521 

' 0 -100 

-3 20 

-3 20 

4 2 3  

-L23 

Long. 39.7 we.8 :7 
4Q.l 45.2 7 

Long. 39.9 45.0 0 
bw. 40.5 45.4 7 

TrcUl.  41.1 45.7 9 - mm . 41.9 46.6 3 
Trcul. 
Tran . 
*an. - -  

Avg 41.5 45.9 9 
b n e .  41.1 47.3 ll 
Lona. 40.7 16.9 11 

Tran .  L2.8 L7,9 
Avg 42.0 47.0 11 

Long. 48.7 63.4 2% 
Long. 48.0 62.4 27 
Long. 62.3 18 
Long. 47.7 62.8 26 

Tran. 59.1 26 
Tran .  47.9 58.8 25 
Tran. 
Tran. - -  Wan. 

l o  n c n  n 7 Avg 4f .7  27.u *cv 

Lmg. 54.3 91.2 30 

Long . 
Low. - - -  
h g .  54.8 88,9 32 
Long. 54.9 89.0 32 

Avg 54.7 89.7 32 

Ran. 56.5 79.7 35 

Avg 56.5; 81.2 37 
T r m  . m a  

48.5 
48.1 
48 04 

37 
50.6 

51.2 
50.8 

51.1 

50.6 

-.l - 
J1.7 

50 e 4  

50.5 

54 02 
2 i u  
54.2 

- 

63.1 
63.2 
63.5 

KT 
64.2 
63.5 
64 04 

@ *.A 

81.0 
81.0 
79 08 

- 
80.6 

77.7 - 78.7 
78.2 

NOTCHED/ 
UNNOTCHED 

TENSILE 
RATIO 

1.07 

1.11 

1.07 

1.13 

1.01 

l n a  
L. -, 

90 

-96 

HELXARC* 
BUTT WELD 
T.S. 
kai 

30 .O 

30 .O 
30.6 
2 u  
30.2 

30.0 

31.4 
32.2 
L a d  
31.8 

45.8 
47.9 
46.2 
&6 .9 
m 
46.G 

59.7 
66.5 
57.1 

WELD J C I N T  
ELQMG EFF 

L L 
3 
3 
3 
4 
2 
3 67 

5 
4 
1 
4 

7 
9 
7 
10 
9 
9 

68 

75 

72 



0.05P Sheet, Kaiser, Ekperbental Heat 

DIRECTION 

b g .  
h g *  

Ave . 
Tmm. 
Trans . 
Ipng . 
Long . 

Avs 4 

Ave 

I’IWIS 
T r a m  

Ave 

mix. 
Long 

Trans. 
T r a n s  . 

Ave 

Ave 

76 87 

76 e 7  zu 
7 7 8 5  

86 -7 

90.5 u 
87.3 

0.99 

0.99 

0 -94 

0.96 

0.86 

0.90 



pchsllical Prowrt ies of 5086-?I31 Jlumlnm UQy 

0 .040N Sheet, Alcoe, Heat 140. 106404 

TEST D I R E C T I O N  pty Ftu e NCTCKGD _ .  TEMP. T.S .  
MELD J@It?T 
E LOG EFF 

NUKHED/ 
UN"CHED 

TENS IXE 
RATIO 

1.02 

1.00 

1.03 

1.00 

-95 

-89 

75 

. 68 

HELIARC" 
BUTT GELD 
T.S. 
bsi 

38.5 
38.3 
40 00 
39.0 
39.d 
39 00 

39 .5 
39 09 
39.0 
39.5 

57.4 
57.5 
56-4 
54-9 
f15.7 
56 04 

75 09 
76 .?, 
74.1 
u - 2  
75 03 

OF 

978 

- 
48.7 
48.7 
48. 6 

48,7 
1.7.1 
47.0 

ki 
50.3 
50.2 

50 -3 

L7 04 
4 L 4  
62 .7 
62.0 

- 

61.0 

- 
61.9 

54 -7 
44 09 
55.1  
ZlLz 
55 -0 

75 .O 
68.8 
70 -3 

71.4 

58.3 
58,L 
58 .L 

- 

Low. 35.3 47.6 l@ 
Long. 35.8 48.0 8 
Long 47.3 10 
Low. 36.0 48.1 9 

+?8 

Pan. - 
Avg 32.9 15 

-100 5 
5 
5. 
5 

Long. 36.5 48.7 
Long. 36.6 49.0 15 

48.9 15 

-100 

-320 Long. 41.5 66.1 U 
Long. 1+0.5 56.0 28 
Long. 41.3 63.6 
Long. 40.9 66.0 20 
Long. &@ &&& a 

Avg 40.8 65.4 24 86 

-320 Trm. 37.2 61.6 27 
Trm. 38.1 62.2 29 
Trsn. - - -  Trnn. 

h g  37.7 61.9 28 

Long. L6.7 96.7 31 
Long. 47.7 96.5 3 1  
Long. 46.6 92.7 27 
Long e - - -  

A v ~  47.0 93.3 30 

u 
u. 
ll 
ll 
11 
- 

79 

Trnn. 44.9 86.4 36 

Avg 44.2 85.7 30 
p a n .  4 u  8L.9 24 

4 2 3  

0 



- 

f 

MtG-190 
Page 23 

0 

I - -  
I .  

TECT m. 
+78% 

+780F 

-lOO°F 

-1OOOF 

-320°F 
0 

-320°F 

-423'F 

-4230F 

TPRIE XI 

I 4 4  

0 .050ii Sheet, Kaisers Experimental Heat 

Long* 
Long 
Long 

AVe 

Trans . 
TF"or. 

Ave . 

Trans. 
Trans. 

Ave . 

Trms . 
Trms . 

Ave . 
Long 
b g -  
Long . 

Ave 

57.4 
58. 5 
58,8 
58.2 

56.5 
5 6 .  Q 

56.7 
- 
- 
58,b 
Z u  
58.4 

58.1, 
56.1 
57.3 

59 e 5  

61.8 

50.9 

68.3 

% 
- 

%! 
65 -5  
62 -0 
06.1 
7- 

66 .3  & 
65.8 

66.2 
66.2 

E 

76.1 
76 -9 

E 
81.6 
El. 2 
81.4 

106 
ID1 a 
105 

92.4 

92.6 

- 

el. 
s_ 

6 
7 
2 
7 

9 

9 

12 
9 

10 

10 

10 

19 
19 xi 
18 

17 
17 
17 

;11( 
25 
22 
25 

25 
2 
26 

9 - 

A 

22 

65.3, 
63.9 

49 .O 

69 .O 

66.7 
67.5 

71.9 - 
71 .9 

75.4 
75-2 
Ed. 
75.3 

80.0 
- 
80.0 

85.1 
77.3 -- 81.0 
21.1 

85-3 

85 e 3  
- 

1.01 

1. @5 

1.02 

1.06 

0 .?8 

3.79 

0.77 

0.9,: 



TEST 
TEMP 

JL 
+78 

+ x 

-100 

-100 

0 

-3 20 
0 

-3 20 

4 2 3  

4 2 3  

TASIE xIr 

k c h d c  nl ProPerties of 5154 -H38 Aluxninwn A l l ~ x  

.0-&Otc Sheet, Alcoa, H e R t  No. 667-471 

Dl l iECTION Fw Ft. B YOTCHED 
T .s. 
k s i  

-ksi. u e ( b b .  
40.0 

Ibx. 40.2 
Long. 40.4 
Long. - 

Avg 40.2 

Trm. 47.0 
b a n .  

Avg 47.1 

Lcng. 53.4 
Low. 54.6 
Long. 

Avg 54.0 

47.8 9 
47.7 9 
47.4 9 

m 9  
L?.2 7-5 
U U  
43.2 l4 

49.2 U 
M U  
49.3 u 
50.1 15 
50.3z 

66.5 30 
66.1 30 
66.0 30 

50.2 15 

66.;30 

&42 
63.6 30 

93.4 38 
93.1 3 1  
93.9% 
93.3 35 

88.0 37 
93.034 
91.0 j 8  

63.8 29 

49 07 
A9 05 
49 0 5  

33 
F;i! .o 
5L.o 
54.0 

51.2 
51,1 
51.2 

55 03 rn 
55 04 

64.3 
64.3 
61 -4 

- 
& 03 

76.9 
78.7 
77.1 
77.6 

76.5 
T7.8 
77.2 

NOTCHED/ 
UIWOTCMED 

TENS I LE 
R!.TIO 

1.01 

1.10 

1.04 

1.21 

097 

1.04 

83 

85 

XELIARC" 
BUTT WEU 
T.S. 
lrsL 

33 .9 
36.6 
35.6 
36.7 
35.1 
35 07 

38 -4 

% 

53 .a 
53.8 
55  0 ' 3  

55  -2 
2 L d  
5 5 . 5  

7'7.2 
74.5 

75 .8 

WELD 
E LONG 

A 
3 
3 
2 
3 
2 
3 

J O I  n 
EFF 

R 

75 

2 
2 
2 7 H 
- 

7 
7 
8 
7 
s 
7 
- 

11 
11 
11 
11 

8L 

*Helferc butt weld; roll phnished;  no doubler reinforcement 

Y 



0 
TEST _ .  TEMP. 

"F 
+78 

+78 

-1 00 

-100 

-3 20 
0 

-3 20 

-423 

4 2 3  

0 .050" Sheets Alcoa, Mila 19842 

DIRECTION Fty Ftu e NOTCHED NOTCHED/ ILELIARC* 
T.S. U N M O T O  BUTT WELD 
ksi TEMSIU T.?. 

kids bai 96 ( b k l  RAT I 0 ksi 

Long. 47.9 59.5 605 54.3 
h n g .  46.5 38.3 6.5 53.6 

0.92 
&ng . 

Avg 47.2 

k9.6 
A7.1 

Long. 48.1 59.8 8.5 47.9 
Iong. 47.8 59.8 8.5 53.1 

47.6 
50.0 
4iL2 
49.2 

Trans. 44.8 61.2 9.5 50.0 51.6 
'izlano. 46.1 61.2 9.0 46.4 52.1 - Tram. - f&g 

Avg 45.5 a1.2 9.-z 48.7 0.80 51.9 

Long. 53.2 72.4 8.0 50.9 
Long. 52.9 73.0 8.5 47.9 
Long. 7Z.6 8.0 

Avg 53.0 72.7 8.2 L9.5 0.68 

67.1 
67.6 

68.2 
63.i3 

Trans. 51.1 70.9 7.0 47.7 
Trms. 51.5 70.9 7,o & 

Avg 51.3 70.9 7.0 48.2 0.68 

Long. 60.7 84.3 7.0 54.8 
Lonst. 60.1 81.6 5.0 53.9 
Lon;;. 

0.66 

79 e 5  

75.8 - 76.6 
77.3 

Trans. 59.7 80.5 4.0 A9.6 82.8 
1YnnS. 5.= 'I7 P, 

Avg 58.7 80.3 4.5 49.7 0.62 

bl% LD 
E Lorn 

A- 
8.0 
3 .O 
2.0 
4.3 

3 $0 
3.0 
' n  

2.5 
3.0 
3.0 
2.8 

3.5 
4-0  

3.7 

8.0 
8.5 Asxi 
9.0 

8.5 
Ilrf! 
9 -8 

6.5 
5 0 5  

/ - -  

I_ 

i% 
5 0 5  

5 . 5  
5 * 5  
- 

JCINT 
EFF 

1 

81 

?e 

82 

85 

94 

99 

93 

99 

*EIeliarc butt wold; x-rayed; roll planished; no doubler reinforcement 



TABE XIY 

TEST 
TEf.6. 
VtWF 

+7PF 

-100'F 

-100% 

-320'F 
0 

-320OF 

Mechanical ProPertiea o f 6061q4 A l d ~ u m  A l l =  

0.025" Sheet, KaiserI QQ-A-327 

Ftu el. NOTCHED T.S. NOTCHED/UWNOTSAED 
PW CTI QN k w L  ( bv=6 . 3 kai TENSILE RATIO 

-g 30.8 40.7 17 40.1 
Low. 41 09 

Trans . 26.1 39.4 17 38.L 
Trans . 26.5 39.9 17 38.9 
Tr.lrr_s * - L0,Z 

Aye. 26,3 39.7 17 39 03 

Long. 32.4 44.5 20 43 00 
Long . 31.5 43.6 20 42. I 
Low. 2 d t U i a  

Am. 32.0 411.2 P 42 or* 

Trans . 29.0 '43.7 22 42.3 
di.a 
41.8 

Wan? . _ 2 9 . 1 4 u Z  
Ave. 23.1 43.5 21 

Long 37.6 58.0 28 50.0 
Long. 37.6 57.9 30 51.7 

Ave. 37.5 58.0 29 51.2 
bng 58,l 3 51.Q 

Trans . 33.1 57.2 30 50.5 
L Z  

Ave. 32.3 51.1 
Trans . 

-423'F hng .  A884 87.1 32 61.7 
Long. 46.1, 86.6 31 61.3 

he. 47.2 86.8 32 62.0 

423'F Trans. 62 .O 

Long. m 

63.1 
7553 

1.01 

0-99 

0.96 

0.96 

0.88 

0.90 

0.72 

0.68 



TEST 
32aL 
+7PF 

-1000F 

-1000F 

-320°F 

-320°F 

4 2 3 O F  

0.020" Sheet, Kaiser, EQ-A-327 

Long . 43.8 47.9 11 49.2 
43.4 47.2 11 49-5 

Long u r n l o  50.1 
h e .  43.5 47.4 11 49.6 

Trans. 41.6 ~ 6 . 4  i o  L8.0 
&Q 
L.8.5 

Long. 43.1 51.5 ll 53.2 
Long . 45.7 51.7 11 53 08 
Long. rl ,sJu T;iLz 8 51.7 11 53.5 Ave . 

Long . 51.4 62.1 17 61.6 
Long 50.7 61.4 12 61.9 
Long . 51.7 62.9 17 63 .? 
Long. 

Aveo 51.2 
- 
62 .3  

TrsnE;. 47.2 60.9 12 m.1 
Trans . 49.0 61.2 17 53.9 
Trr?nS . 49.2 60.6 18 59 -6 
Trans . 

Ave. 1+8.5 
Long . 56.1 79.0 24 72.7 
Long . 54.0 82.7 25 75.3 

34.6 77.6 25 77.3 w Long0 
Long . - m r e  

hvn. 5L.9 80.1 23 74.6 
- 

Trnns . 55.0 '77.9 25 71.3 
Trans. - 71.0 25 70.2 
Tmns . 5 1 . 7 7 8 . 3 3  

Ave. 54.9 75.7 25 

1.05 

1.05 

1.04 

1.01 

3.. 00 

0 -96 

0.93 

3.94 



T A B U  XVI 

geckian;5cnl ProPert ies of @61-T6 Aluminm P.UOY 

1 It P l R t e ,  Kniser , QC-A-327 

TEST 
3UE. 
+78OF Long. 44.1 48.4 20 31 70.3 

Long:. u.1 48.1 19 35 70.2 
4z 
38 

Long. u L 7 . 8 2 2  
Ave. 44.0 L8.1 19 

70,6 
70.4 1.46 

+78'F m I m n s  . 71,6 81.2 10 3 71.1 

Ave. 71.5 81.4 10 LO bL.2 
I L i c  . iIJ - x u g  I 11 65.8 

-1ooolr Long . 46.4 52.2 21 45 76.2 
LQng L7.1 52.9 21 43 75.3 
L O G  . 5 2 , 5 3 2  42 

Avs. $% 52.5 .?1 IrG 
252.6 
75.7 

" r m s  . 73.0 84.7 6 6 75.6 
6 TT:?ns . U & & J _ 1 !  - 

Ave. 7.4.9 a.7 6 6 75.5 

-1OOOF 

b n g  . I 63.8 25 46 86 .O 
52.1 61.3 25 37 85 09 

86,:! Lone. 

66.0 
Long 22 

40 Ave. 52.3 

-320'F Trans . 83.7 94.0 L. 3 86.9 
u 
e1 .,2 

Irms . 4 
4 3 Ave. 82.7 91.9 I 

-423% XaTlg. 5h.8 79.8 a 39 96.1 
Lorxr. 56.5 81.1 28 33 98.0 

v 

Long 4G 
h e .  55.8 80.3 23 37 

95.7 
96.6 

423'F Trans. 9 ~ 6  102 3 2 94.5 - 88.2 
3 i . i  



T43U X V I I  

Mec'nanfcal P r o m r t i e c  of 7075-T6 Aluminum A U g y  

0.025" Sheet, Alcoa , QC-A-283 

I TEST 
i miZ* 

+?ao 

Ftu u 
79.8 
79 .o 
79.8 
7 9 . 5  

77.7 
2214 
77.6 

84.3 
85 03 
8ztfi 
85.1 

82.7 
83.7 
83.2 

9702 
97.2 

97.2 

94.7 

94 09 

116 
117 
A 4  
116 

111 u 
ii.2 

- 

el. 
2- 
9 
9 
9 
9 

10 - 10 
1u 

10 
10 

10 

11 
2 
9 

10 
10 

10 

u 
12 

8 
6 
9 

8 

11 

12 

;M: 

- 

- 12 

2 

Long. 
Low* 
h n g  . 

!be. 

80.6 
82.2 

81.4 
Bl.b 

71.8 
68.9 

70.4 

69 04 
a4 
69 .4 

75 07 
76.7 

76.2 

7-4.0 
7L.2 
74.1 

86.5 
86.5 

s.5 

81.6 
A 82 0 
81.8 

98.3 
106 
35,7 
100 

36.6 

- - 

LL 

- 

- m 

1.02 

+78'F 77.9 
23.a 
f 1 . Q  

Trms . 
*ms. 

he. - nn 
I. "V  

Long . 
Long 
Long . 

Ave . 
80.5 
a2.Z 
80.6 

Trans 
Trans . 

h e .  

76.0 
72 09 rn 
75.7 

Long. 
Long . 
Long . 

hve . 0.73 

0.72 

-3 20°F 74 03 

73 09 

Trons. 
Trans . 

Ave . 
-423OF 83.7 

84.2 
85.0 
Q.3 

Long . 
Long . 
Long . 

A v ~  3.73 

Q-70 

4 2 3 %  ?'ranS . 
Trzna. 

Ave . 



TABLE HI11 

0 

-lUOop 

-320% 

423% 

0 
t 

&i 
92.9 

4yaQ 

98.5 

U O  

61.9 

129 

i 
34 

11 

8 

4 

26 

6 

wmcm T.S . 
(Jkkbma 

1a02 

1.39 

0.90 



TABIE: XTX 

TEST 
3ZkE- 
+78'?F 

+?80F 

-LOOOF 

-LOOOF 

0 -320'F 

-320°F 

-423OF 

4 2 3 O F  

Mechanical Properties o f  '7 07p-T6 filunninm Alley 

.080f1 Sheet, Kaiser 

el NOTCHED T.S. 
L (k=6.3) ksf  

& & &  Ftu 
l2aiuwi 

Long. 68.8 76.7 12 e3.8 
Long . 68.9 76.9 ll 82.5 

m u  H 77.1 11 
Long . 

Ave . - 
83.2 

Trms. 66.7 75.9 10 81.3 
T T o m  - 66,6 76,o 81.1 

k e .  Q6.7 76.0 11 81.2 

Long . 72.9 81.1, I2 85.6 
Long . 73.1 81.9 12 83 07 
h g -  22rz8kZu 

Ave. 73.2 81.5 12 

Trnns . 6y.9 130.9 12 a.5 
Trans . 6 3 . 1 , = & 2 &  

h e .  69.7 81.0 12 

L W .  82*0 94.5 15 91.3 
Low* 82.4 94.3 16 91.0 

91.2 
- Long . 8 1 . 8 w 3 6  

bve. 82.1 9k.3 16 

Trans. 78.2 94.0 11 80.1 
u2 
82.1 

Trans a t J l22&u 
Ave. 78.7 93.8 12 

Low. 90.9 3.3.2 8 81.2 
Long . 90.8 110 8 76 .O 
Long;. e k h u  2 

h e .  91.1 112 8 
- 
78.6 

78.5 Trans. 89.4 105 6 

1.08 

1.04 

0.37 

0.88 



TEST 
TEMp. 

+78'F 

+?WF 

-100'F 

-3 2QOF 

-423OF 

TABLE 

Mechanical Properties of 7079-T6 Pllog 

5" Billet, Aluminum Company of fimerice, C-01041 

DIRECTION 

Long. 
LGng . 
Long . 
Long. 
Long . 
Long . 
Long. 

Ave . 
Trans 0 

"rms . 
Trans. 
Trms . 

Ave . 
Long a 

Long. 
Long . 

Ave . 
Trans 
Trnns. 

Ave . 
Lone . 
Long . 
Lone,* 
Long . 
Law* 
Long 
Long. 

Pve . 
Trc.n_F : 
Trnns 
Wins  . 
'Irnas 

Avc . 
Long . 
Long. 

Lone. 

Long 

Low 

3v3. 

. C * , .  . -. . I  . 
= 7: 

~- 

a 
70.8 
46,5 
70.9 
64.0 
71.6 
64.2 

bS.0 
68.1 
63.1 
63 -9 

66.5 
71.5 
69.2 
71.3 
@.a 
M 02 

- 
73 -2  
85 01, 
a.2 
85.3 

84 .o 
a24 
Bi, . r3 

71 -3  
7701 
73.6 

74.1 

80.7 

- 

- 

30.8 - 
31.3 

c37.5 
- 

3 ,  - 
P L '  . : 
-. ' '2: 

Ftu 

77 e 9  

74 .? 
77 09 
73 -7 
78.6 
73.9 

76.1 

77 .6 
73.1 
75.7 

75.2 

79 06 
78.1 
78 04 

78 .? 

77.2 

75.5 

85 -5 
87.1 
3 .j 
83 a 3  
$7.8 
87 0 9  

90.0 
88.5 
88.2 

P? .6 
$2.4 
82 .O 

82.7 

- 

73.8 

- 
91.5 
98,2 
90.1 
97.5 

?L .; 
3 .i 

_II 

. A  - .-- 
, '  

el. 
L 
11 
10 
12 
12 
lo 
12 

u. 
7 
8 
7 
2 

8 

3 
1, 
3 

-4 
4 

5 
2 
4 

- 

- 
r. 
rc 

4 
3 
3 
3 
3 

3 

2 
2 
1, 

3 

3 
2 
1 
3 

n 

L - 

- 

- 
$ -  

I. 
I_ 

R . A o  
L 
17 
17 
16 
17 
11 
u 
15 

12 
12 
9 
8 
10 

8 
8 
8 
2 

8 

9 
8 
9 

2 
L. 
2 
3 

2 
2 
2 

3 

2 
1 
3 

2 

3 
4 
3 
3 

3 

- 

- 

h 
I 

- 

L 

I.. 

.- 

91.1 
97.0 
94 e o  

96.5 
m.3 
97.5 
87,9 
93 .o 
87.2 
89 e 3  
90 -3 
8etp 
89 02 

U.8 
8f3.3 
83.2 
30 .6 
84.2 
- 
71 e 9  - 72.6 
76,3 

78.2 
68.3. 
77.6 
63 .P 
71.5 
'i9 .O 
77.1 
I 71.5 
75.8 

1.22 

1.13 

c.25 



8 TEST 
ImiL 
+7PF 

0 -3 20°F 

-3 20'F 

423OF 

-423OF 

T!ET?. .SI 

MBc&&cal P rowrt ie  B of 7178-T6 8-luminum 4 l l Q P  

0.036" Sheet, Kaiser, MIL-A9180A 

PnUSCTIOfl 

Long . 
Long . 
b l 3  

Rve . 
Trans . 
T ~ s  

Piye 

Long 
Long . 
Long. 

Ave . 
Trans . 
Trens . 
Trans . 

Ave . 
Long. 
Long. 
Long. 
Long- 

Ave . 
Trans. 
Trans . 
Trans . 

Ave . 
LQng 
Long . 
Long. 
Long. 

mms. 
Trans . 
!Trans . 

avs. 

A n  . 

82 -4 
82.6 a& 
82.7 

79.9 

F,!, 

87.8 
88.2 m 
87.8 

82.8 
84.1 

83.5 

3 L i  

- 
98.6 

98.8 
98.9 

9Ef.8 
94.5 
92.2 

93 -4 

u2 
u 
108 
ALL 
1l.l 

112 
ll.l 

112 

- 

el. 
L 
12 
12 

12 

11 
11 
- 11 

xi. 
3. l  

ll 

10 
10 

10 

4 
4 
5 

I 

3 
3 

3 

2 
2 
2 
2 

2 

3 
3 

3 

na 

c 

Ja 

- 

- 

- 

- 

91 04 

E 
91.8 

79.5  
88,5 
R(, .o 

81.0 
75 .O 

H 
81.9 
66 .4 
14tz 
74.3 

59.5 
57.2 
51.9 

55 -4 
54.3 

51.9 
@ 

68.3 
57.5 
61.2 

62.7 
63.9 

1.02 

0.81. 

0.78 

0.54 

0 .L9 

0 



0 TABLE XTII 

b 

Mechanical Frowrties of X7275-JT6 Aluminum Allox 

0.050" Sheet, kaiser, Experimental Meat 

Y 

Long . 
Ave. 75.8 86.5 u 2 u  

91.0 

+78% Trans . 72.4 83.7 3.4 89 07 
Trans . 

Eve. 

-100'F k g  75.5 86.4 15 95 04 
Low . 76.2 84.5 15 95 07 u 

95.2 

-1OO'F Trans . 71.9 83.2 U, 89 88 
91,1+ 
90.6 

-3 20°F Lcng . 86.1 95.0 7 87 4 
Low. 87.5 99.4 5 76.6 
Long . U 9 L . 6 6  

A v ~ .  84.9 96.3 4 
u 
78.6 

-3 20°F Tram . 76.5 93.3 11 79 01 
Trans. m y -  6 

Ave. 80.1 3 .2 9 
&a 
81.9 

4 2 3 0 F  tong . 97.9 116 5 76.1 
Long. 98.9 111 4 75 .o - - 7L.is Long. .I_ 

Ave. 98.4 1U 5 75.3 

-423'F Trans. 93.5 1% 4 81.2 
T r m s  . 9 6 , 8 l o g  4 

Ave. 95.2 108 L 
82 .o 
81.6 
- 

1.05 

1.07 

1.12 

1.08 

0 .E%! 

0.85 

0.67 

0.76 



"-8. z . 

i 
TABLE XXIXI 

(An X Indicates the Haterial llsy Be Used For Structural 
Appliaationa a t  the Indicated Temperature) 

m 
X 

* *  
20WT6 Sheet X X 

202443 Sheet X 

202&T4 Sheet X X X 

m24.44 P l a t e  X X X x 
2219-T81 Sheet 

2219-T87 Sheet 

X X X 

X X 

50524.38 Sheet 

5083-038 Sheet 

x X 

X X X 

50$&H3d Sheet 

5086-g38 Sheet 

515- Shest 

5456-61313 Sheet 

X 

X X X 

X X 

X 

606LT4 Sheet x X 

6061-T6 Sheet X 

X 

X X 

X X 

707546 Sheet X X 

X X 

Y 
A L 

X X 

7275-36 Sheet X X 



1. 

2. 

3. 

4 .  

5 .  

6. 

7 ,  

8 .  

9. 

ll. 

12. 

Mc olinteck,  R. PI., atxi G i b b w ,  B. P., *A CompiJ.atioaa of Esechanical 
pr~perticrs of Materiale a t  Oryogrnio ~aaporate~res,' NBs b p .  6064, 

Ipanhna, W. G o ,  .tal., nfnvostlgation of bohaniaal Properties and 
Phy8ical Motallurgp of Aircraft Alloys a t  Very Irow Te~rgeraturr8,~ 
AF Toah. Rap. No. %2, Parts I, 3 and 5, Jan. 19U and Dec. 1953. 

Moho, R. I,., crtarpb.U, J. E., csrism, 3. i., aiid b i h g ,  5. K., 
aHow Low Nmperatures Affeat Nfne HighStrength Alloys," Mabrialsi in 

July 1, 1959. 

haim E n g . 9  Plov. 1959, pp. 106-W7. 

Banson, M. P., Stiokley, G. W., and Richards, H. T., "Sharp Notch 
Behavior of Sarne High-Strcngth Sbeot Alumintan U p  an8 Welded Joints 
at  750, 42W, and -4230F,' Paper prosentied at annuel meoting ST.t4, 
Athntio City, June 1960. 

S p a i a l  batm CoPoniittee, "Fracture Testing of HighStrength Sheet 

bw, J. R,, "The Relation of ~erosltructure to Brittle h c t u r e , "  

Chapter 1, ASTU Bulbt in ,  Febo 1960. 

BsDeriaan society for Metals, 

Brkmr, E. R., 94dlern Concepts of Flow and Frscturo,n ='ranso AS?%, 50, 
1958, po 52. 

lhrrlich, AS, 'Daoalskf, T. To, ULLtSa, J. F o p  Bnd C h r b t h ,  J. Lo, 
Onpublished data, oOn~~r&l;ronau~cs . 
Matsen, J. I., a M  Christian, J. L., "Cryostat and Accessories for 
Tensile Testing a t  436F," to be published in Bulletin, ASTM. 

Lorig, G o  Bo, m h f l u a n a O  of Hetallurgiml PBctom," Bebavior of &ta& 
&Imv -, ASH, Clevelsnd, 1953, pp. 714.05. 

Iw, J. R, Jr., #The Influonos of Mechanical &havi 0 r c&' 
a t  U M ,  Cleveland, 1953, pp. 39-70. 

Chriatian, J. L., and Watson, J. F., "Properties of 7000 Series Alu&mm 
Allow at Cryogonio Temperatures', Presented at S k t h  National Cryogenic 
Iihgineering Conference, Boulder, Colorado, Sept. 1960. 

I 

I 
! 
I 

I 

I 
I 

1 
i I 

I I 
I 
I 
I 
I 

I 
i 
1 

I 

I 

! 
I 

I 

I 
I 

I 
i 
1 
! 

I 
-_.J 


